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Candidates for Election. 



[Mar. 2, 



MarcJi 2, 1882. 

THE PRESIDENT in the Chair. 

The Presents received were laid on the table, and thanks ordered for 
them. 

H.E;.H. the Prince of Wales was admitted into the Societj. 

In pursuance of the Statutes, the names of Candidates recommended 
for election into the Society were read, as follows: — 



Allman, Greorge Johnston, LL.D. 

Ball, Professor Valentine, M.A. 

Baxendell, Joseph, E.R.A.S. 

Bell, James, P.I.C. 

Brady, Professor Greorge Steward- 
son, M.D., E.L.S. 

Braid wood, Peter Murray, M.D. 

Browne, James Crichton, M.D., 
LL.D., E.B.S.B. 

Buchanan, Greorge, M.D., E.R.C.P. 

Clarke, Charles Baron, M.A., 
E.L.S., F.G.S. 

Creak, Ettrick William, Staff- 
Commander 'R.l^. 

Cunningham, Allan Joseph 
Champneys, Major R E. 

Curtis, Arthur Hill, A.M., LL.D., 
D.Sc. 

Dallas, William Sweetland, F.L.S. 

Darwin, Francis, M.A,, M.B., 
E.L.S. 

Day, Francis. 

Dittmar, Professor William, F.C.S., 
F.R.S.E. 

Dobson, Greorge Edward, M.A., 
M.B., F.L.S. 

Flight, Walter, D.Sc, F.Q.S. 

Foster, Professor Balthazar 
Walter, E.R.C.P. 

Gaskell, Walter Holbrook, M.A., 
M.D. 



Grlazebrook, Richard Tetley, M.A. 
Godman, Frederic Du Cane, 

F.L.S., F.G-.S. 
Goodeve, Professor Thomas 

Minchin, M.A. 
Groves, Charles Edward, F.C.S. 
Grubb, Howard, F.R.A.S. 
Hartley, Professor Walter Noel, 

F.R.S.E. 
Hutchinson, Jonathan, F.R.C.S. 
Ley, Rev. W. Clement, M.A. 
Liversidge, Professor Archibald, 

F.G.S., F.C.S., F.L.S. 
Malet, Professor John, M.A. 
Meldola, Raphael, F.R.A.S. 
Miller, Francis Bowyer, F.C.S. 
Niven, William Davidson, M.A. 
Ord, William Miller, M.D., F.L.S., 

E.R.C.P. 
Palgrave, Robert Henry Inglis, 

F.S.S. 
Pattison, Samuel Rowles, F.G.S. 
Pritchard, Urban, M.D., F.R.C.S. 
Ransome, Arthur, M.A., M.D. 
Ranyard, Arthur Cowper, F.R.A.S. 
Rawlinson, Robert, C.B.,M.I.C.E. 
Reinold, William Arnold, M.A. 
Tidy, Charles Meymott, M.B., 

F.C.S. 
Topley, William, F.G.S. 
Trimen, Roland, F.L.S., F.Z.S. 
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Yenn, Jolm, M.A. [ Williams, (jliarles Theodore, M.A., 

Walker, Joliii James, M.A. 
Warrington, Robert, P.O.S. 
Watson, Professor Morrison, M.D. 
Weldon, Walter, F.C.S , F.R.S.E. 

The following Papers were read ;- 



M.D., F.B.CP. 
Wright, Professor Edward Per- 
ceval, M.A., M.D., P.L.S. 



I. '^'A Contribution to the Pathology of the, Epidemic known 
as the ' Salmon Disease.' " By Professor T. II. HuXLBY, 
LL.D., F.B.S. Eeceived February 21, 1882, 

For some years, an epidemic disease, followed by a very large 
numher of deaths, has been observed to prevail among the salmon of 
certain Scottish and British rivers, from the Taj,* on the north, as far 
as the Conway on the south. 

The first obvious symptom of the malady is the appearance of one 
or more greyish patches npon the skin of parts of the body which 
ai'e not covered with scales, such as the top and sides of the head, the 
adipose fin, and the soft skin at the bases of the other fins. 

Such a patch, when it first attracts attention, may be as big as a 
sixpence. It is nearly circular, with a well defined margin and a some- 
wbat raised softer centre, from which faint ridges radiate towards the 
circumference. It is important to observe that a single small patch 
of this kind may be seen on the skin of a fish which, in all other 
respects, is perfectly healthy, and ivhen there is no indication that the 
skin has ever been bruised or abraded in the place occupied by the 
patch. The patcjh, once formed, rapidly increases in size and becomes 
confluent with any other patches which may have appeared in its 
neighbourhood. The marginal area, as it extends over the adjacent 
healthy skin, retains its characters ; but the central part undergoes an 
important change. It takes on the consistency of wet paper, and can 
be lifted up in soft flakes, as if it were a slough, from the surface of 
the derma or true skin, which it covers. In fact, it is obvious that 
this papyraceous substance has taken the place of the epidermis, so 
that the sensitive and vascular true skin is deprived of its natural 
protection. As the patch spreads, the true skin beneath the central 
papyraceous slough ulcerates and an open bleeding sore is formed, 
which may extend down to the hone, while it passes outwards into 
burrowing sinuses. 

When the disease has reached this stage it obviously causes great 
irritation. The fish dash about and rub themselves against stones, 
and thus, in all probability, aggravate the evils under which they suffer. 

* Within the last few days I have receiyed specimens of diseased fish from the 
Horth Esk. (March 8.) 

^ IF <u 
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One vast open sore may cover tlie top of tlie head, from the snout to 
the nape, and may extend over the gill covers. The edges of the fins 
become ragged; and, sometimes, the skin which invests them is so 
completely frayed away that the fin-rays stand out separately. 

Although the aifection of the skin appears, usually, if not invari- 
ably, to commence in the scaleless parts of the body, it does not stop 
there, but gradually spreads over the whole of the back and sides of 
the fish, though I have not yet seen a specimen in which it covered the 
whole ventral surface. The disease extends into the mouth, especially 
affecting the delicate valvular membrane attached to the inner sides 
of the upper and the lower jaws. It is said to attack the gills, but 
there has been no sign of it on these organs in any fish which I have 
had the opportunity of examining. 

Eish which succumb to the disease become weak and sluggish, 
seeking the shallows near the banks of the river, where they finally 
die. 

The flesh of a salmon afiected by this disease presents no difference 
in texture or colour from that of a healthy fish ; and those who have 
made the experiment declare that the flavour is just as good in the 
former case as in the latter. So far as my observations have gone the 
viscera may be perfectly healthy in the most extensively diseased fish ; 
and there is no abnormal appearance in the blood. 

It is known that a disease similar to that described is occasionally 
prevalent among salmon in ISTorth America and in Siberia ; and I do 
not see any ground for the supposition that it is a novelty in British 
rivers. But public attention was first directed to it in consequence of 
its ravages in the Solway district a few years ago ; and, in 1879, a 
Commission was appointed by Sir Bichard Cross, then Home Secretary, 
to inquire into the subject. 

The evidence taken by the Commissioners^ leaves no room for doubt 
that the malady is to be assigned to the large and constantly in- 
creasing class of diseases which are caused by parasitic organisms. It 
is a contagious and infectious disease of the same order as ringworm 
in the human subject, muscardine among silkworms, or the potato 
disease among plants ; and, like them, is the work of a minute fungus. 
In fact, the Sajorolegnia which is the cause of the salmon disease is an 
organism in all respects very closely allied to the Feronosj)ora, which 
is the cause of the potato disease. 

It is a very cu.rious circumstance, however, that while the Verono- 
sjporce are always parasites — that is to say, depend altogether upon 

* '' Report on the Disease wliich has recently prevailed among the Salmon in the 
Tweed, Eden, and other E-i vers in England and Scotland." By Messrs. BncMand, 
Walpole, and Young, 1880. 

See also the three valuable communications to the " Proceedings of the Eoyal 
Society of Edinburgh," made by the late Mr. A. B. Stirling in 1878--79. 
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living plants for tlieir support — the Saprolegnice are essentially sapro- 
pliytes ; that is to say, they ordinarily derive their nourishment from 
dead animal and vegetable matters, and are only occasionally parasites 
upon living organisms. In this respect they resemble the Bacteria, if 
the results of recent researches, which tend to show that pathogenic 
bacteria are mere modifications of saprogenic forms, are to be ac- 
cepted. 

As I have said, I do not think that the evidence laid before the 
Commission of 1879 can leave any doubt as to the causation of the 
salmon disease on the minds of those who are acquainted with the 
history of the analogous diseases in other animals and in plants. 
Nevertheless, this evidence, valuable as it is, suggests more questions 
than it answers, and in JSTovember, 1881, hearing that the disease had 
broken out in the Conway, I addressed myself to the attempt to 
answer some of these. 

It was already known that when the papyraceous slough-like sub- 
stance which coats the skin of a diseased salmon is subjected to 
microscopic examination, it is found to be a mycelium, or fungus-turf, 
composed of a felt- work of fine tubular filaments or hyplice, many of 
which are terminated by elongated oval enlargements, or zoosporangia. 
Within these the protoplasm breaks up into numerous spheroidal par- 
ticles, each less than g-oVo ^^ ^^ inch in diameter. These, the zoospores, 
are set free through an opening formed at the apex of the zoosporangium, 
and become actively or passively dispersed through the surrounding 
water. Herein lies the source of the contagiousness or infectiousness 
of the disease. For any one of these zoospores, reaching a part of the 
healthy skin of the same or of another salmon, germinates and soon 
gives rise to a mycelium similar to that from which it started. 

But I could find no satisfactory information as to the manner in 
which the fungus enters the skin, how far it penetrates, the exact 
nature of the mischief which it does, or what ultimately becomes of 
it ; nor was the identity of the pathogenic Saprolegnia of the salmon 
with that of any known form of saprogenic iSaprolegnia demonstrated. 
It appeared to me, however, to be useless to attempt to deal with the 
disease until some of these important elements of the question were 
determined. 

To this end, in the first place, I made a careful examination of the 
minute structure of both the healthy and diseased skin, properly 
hardened and cut into thin sections ; and, in the second place, I tried 
some experiments on the transplantation of the Saprolegrda of the 
living salmon to dead animal bodies. Perhaps it will conduce to 
intelligibility if I narrate the results of the latter observations first. 

The body of a recently killed common house-fly was gently rubbed 
two or three times over the surface of a patch of the diseased skin of a 
salmon and was then placed in a vessel of water, on the surface of which 



384 Prof. T. H. Huxley. Pathology of the [Mar. 2, 

it floated, in consequence of tlie large qnantitj of air wMch a fly's bodj 
contains. In the conrse of forty-eight hours, or thereabouts, innumer- 
able white cottony filaments made tlieir appearance, set close side by 
side, and radiated from the body of the fly in ail directions. As these 
filaments had approximately the same length, the fly's body thus 
became inclosed in a thick white spheroidal shroud, liaving a diameter 
of as much as half an inch. As the filaments are specifically heavier 
than water, they gradually overcome the buoyancy of the air contained 
in the tracheae of the fly, and the whole mass sinks to the bottom of 
the vessel. The filaments are very short when they are first discernible, 
and usually make their appearance where the integument of the fly 
is softest, as between the head and thorax, upon the proboscis, and 
between the rings of the abdomen. These filaments, in their size, their 
structure, and the manner in which they give rise to zoosporangia and 
zoospores are precisely similar to the hyph^ of the salmon fungus; 
and the characters of the one, as of the other, prove that the fungus 
is a Saprolegnia and not an Achlya. Moreover, it is easy to obtain 
evidence that the body of the fly has become infected by spores swept 
of£ by its surface when it was rubbed over the diseased salmon skin. 
These spores have in fact germinated, and their hyphse have perfo- 
rated the cuticle of the fly, notwithstanding its comparative density, 
and have then ramified outwards and inwards, growing at the expense 
of the nourishment supplied by the tissues of the fly. 

This experiment, which has been repeated with, all needful checks, 
proves that the pathogenic Saprolegnia of the living salmon may 
become an ordinary saprogenic Sa^rolegnict ; and, per contra, that the 
latter may give rise to the former ; and they lead to the important 
practical conclusion that the cause of salmon disease may exist in all 
waters in which dead insects, infested with Sajjrolegnim, are met with ; 
that is to say, probably in all the fresh waters of these islands, at one 
time or another. 

On the other hand, Scoprolegnia has never been observed on decaying 
bodies in salt water, and there is every reason to believe that, as a 
saprophyte, it is confined to fresh waters.* 

Thus it becomes, to say the least, a highly probable conclusion that 
we must look for the origin of the disease to the Ba]orolegnice which 
infest dead organic bodies in our fresh waters. Neither pollution, 
drought, nor overstocking will produce the disease if the Sa/prolegnia 
is absent. The most these conditions can do is to favour the develop- 
ment or the difEusion of the materies morhi where the Saprolegnia 
already exists. 

Having infected dead flies with the salmon Baiwolegnia, once from 

* So far as I know, there is only one case on record of the appearance of a fungus 
on a fish in salt water, and in this case it is not certain that the fungus was a Sa- 
'prolegnia. 
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Conway and once from Tweed fisli,^ I was enabled to propagate it from 
these jflies to other flies, and, in this manner, to set up a sort of garden 
of Sa^Tolegnice. And having got thus far, I fancied it would be an 
easy task to determine tbe exact species of the Saprolegnia witb wbich. 
I was dealing, from the abundant data furnished by the works of 
Pringsheim, De Bary, and others, who have so fully studied these 
plants when cultivated on the same materials. For this purpose, it 
was necessary to obtain the oosporangia ; and, in ordinary course, these 
should have made their appearance on my Saprolegnioe in five or six 
days. Unfortunately, in the course of cultivations continued over two 
months, nothing of the kind has taken place. Zoosporangia have 
abounded in the ordinary form and also in that known as " dictyo- 
sporangium," but, in no instance, have any oosporangia appeared. After 
a few days of vigorous growth, the zoosporangia become scanty, and 
the fungus takes on a torulose form, segments of the hyphse becoming 
swollen and then detached as independent " gemmse," which may 
germinate. Sometimes the gemmge are spheroidal and terminal, and 
closely simulate oosporangia. 

Although, therefore, I have very little doubt that the Saprolegnia of 
the salmon is one of the forms of the " S.ferax group " of Pringsheim 
and De Bary, I have, at present, no proof of the fact. 

Another very curious and unexpected peculiarity of the salmon 
Sap'olegnia^ both on the fish and when transmitted to flies-, so far as 
my observations have hitherto gone, is that locomotive ciliated 
zoospores do not occur. I once saw one which exhibited a very slight 
motion for a few minutes after it left the zoosporangium ; but 
although thousands must have passed under my notice, with the ex- 
ception to which I have referred, they have always been perfectly 
quiescent and not unfrequently in different stages of germination. 
Whether the season of the year, or the conditions under which my 
saprolegnised- flies were placed, have anything to do with the non- 
appearance of oosporangia and of locomotive zoospores in them I 
cannot say. But it is certain that the Sa^rolegnia ferax which com- 
monly appears upon dea^d flies and other insects normally develops 
both oosporangia and locomotive zoospores in abundance. 

From such notices by other observers as I can gather, oosporangia 
appear to be of very rare occurrence in the Sainolegnia of the salmon 
itself. Mr. Stirling mentions that he has met with them only four 
times. With respect to locomotive zoospores, I can find no positive 
evidence tbat they have been regularly, or even frequently, observed 
in the salmon Saprolegnia. But these points require careful investi- 
gation on freshly taken diseased iish. 

Whether the zoospores are actively locomotive or not, they are quite 

* And since this paper was read once more from the ISforth Esk fish. (March 8, 
1882.) 
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free wlien they emerge from tlie zoosporangia ; and, from, tlieir extreme 
mimiteness, they m.iist Ibe readily carried away and diffused through 
the surrounding water. Hence, a salmon entering a stream inhabited 
by the Sajprolegnia will be exposed to the chance of coming into con- 
tact with Seqorolegnia spores ; and the probability of infection, other 
things being alike, will be in proportion to the quantity of the 
growing Saprolegnia, and the vigour with which the process of spore- 
formation is carried on. At a very moderate estimate, a single fly 
may bear 1,000 fruiting hypheD ; and if each sporangium contains 
twenty zoospores, and runs through the whole coarse of its develop- 
ment in twelve hours, the result will be the production of 40,000 
zoospores in a day, which is more than enough to furnish one zoo- 
spore to the cubic inch of twenty cubic feet of w^ater. Even if we 
halve this rate of production, it is easy to see that the Bebprolegnia 
on a single fly might furnish spores enough to render such a 
small shallow stream as salmon often ascend for spawning purposes, 
dangerous for several days. But a large fully diseased salmon may 
have as much as two square feet of its skin thickly covered with 
Saprolegnia. If we allow only 1 ,000 fruiting hyph^e for every 
square inch, we shall have 288,000 for the whole surface, which, 
at the same rate as before, gives over 10,000,000 spores for a day's 
production, or enough to provide a spore to every cubic foot of 
a mass of water 100 feet wide and 5 feet deep and four miles long. 
Forty such diseased salmon might furnish one spore to the gallon for 
all the water of the Thames (380,000,000 gallons per diem) which 
flows over Teddington Weir. But two thousand diseased salmon 
have been taken out of a single comparatively insignificant river in 
the course of a season. 

It will be understood that the above numerical estimate of the pro- 
ductivity of Sdj^rolegnia, has been adopted merely for the sake of 
ilLustratiori:; that I do not intend to suggest that the zoospores are 
evenly distributed through th-e water into which they are discharged 
by the zoosporangia ; and that allowance must be made for the very 
short life of those zoospores which do not speedily reach an appro- 
priate nidus. ISTevertheless, the conclusion remains arithmetically 
certain that every diseased salmon adds immensely to the chances of 
infection of those which are not diseased ; and thus, the policy of 
extirpating every diseased fish as soon as possible, has ample justifi- 
cation. But, in practice, the attempt to stamp out the disease in this 
fashion would be so costly that it may be a question whether it is not 
better .to put up with the loss caused by the malady. 

There are many practical difficulties in the way of directly observing 
the manner in which the zoospores effect their entrance into the skin 
of the fish ; but, on comparing the structure of the healthy integument 
with that of the diseased patches, the manner of the operation can 
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readily be divined. The skin of tlie liead of a salmon, for example, 
presents a tliin superficial cellular epidermis covering the deep 
fibrous and vascular derma. The epidermic cells are distinguishable, 
as in fishes in general, into a deep, a middle, and a superficial layer. 
In the first, the cells are vertically elongated, in the second more 
rounded and polygonal, in the third flattened. Many of the cells of 
the middle layer are of the nature of "mucous cells." They enlarge 
and become filled with a mucous secretion ; and, rising to the surface, 
burst and discharge their contents, which give rise to the mucous 
fluid with which the fish's body is covered. The 'Openings of these 
" mucous cells " remain patent for some time and are to be seen in 
thin vertical sections. The hyphae of the spores which attach them- 
selves to the fish may enter by these openings, but even if they do 
not, the flattened superficial cells certainly offer no greater resistance 
than does the tough cuticle of a fly. However this may be, sections 
of young patches of diseased skin show that the hyphse of the fungus 
not only traverse the epidermis, but bore through, the superficial 
layer of the derma for a distance^ in some cases, of as much as one- 
tenth of an inch. Each hypha thus comes to have a stem-part, 
which lies in the epidermis, and a root-part, which lies in the derma. 
Each of these elongates and branches out. The free ends of the 
stem-hyph99 rise above the surface of the epidermis and become con- 
verted into zoosporaugia, more or fewer of the spores of which 
attach themselves to the surrounding epidermis and repeat the pro- 
cess of penetration. Thus the epidermis and tlae derma become 
traversed by numerous hyphaa set close side by side. But, at the f?ame 
time, these hyphae send off lateral branches which spread radially, 
forcing asunder the middle and deeper layers of the epidermic cells, 
and giving rise to the radiating ridges which are visible to the naked 
eye in the peripheral part of the patch. The force of the growth of 
the hyphae which traverse the epidermis, is made obvious by the 
curious manner in which, when the central tract of a patch is teased 
out, the distorted epidermic cells are seen adhering to it, as if they 
were spitted upon it. 

In the derma, the root-hyphae branch out, pierce the bundles of 
connective tissue, and usually end in curiously distorted extremities. 

The effect of the growth of the stem -hyphae is to destroy the 
epidermis altogether. Its place is taken by a thick, felted, mycelium, 
which entangles the minute particles of sand which, are suspended in 
the water, and thus no doubt constitutes a very irritating application 
to the sensitive surface of the true skin. 

In the true skin, the tracks of the root-hyphae ^re not accompanied 
by any obvious signs of inflammation, but the hyphae are so close set, 
that they cannot fail to interfere with the nutrition of the part, and 
thus bring about necrosis and sloughing. Such sloughing in fact 
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graduallj takes place, small vessels give way and bleed, and the 
burrowing sore, wMch. is characteristic of the advanced stages of the 
disease, is prodnced. 

The skin of the head may thus be eaten av^ay down to the bone 
and gristle of the skull, but I have not observed the fungus to 
enter these. On the scaly part of the skin, the fungus burrows in the 
superficial and in the deep layer of the pouches of the scales, but I 
have not observed the scales themselves to be perforated. 

"When I found that the f angus penetrated the true skin, and thus 
gained access to the lymphatic spaces and blood-vessels, it became a 
matter of great interest to ascertain whether the hyphse might not 
break up into toruloid segments (as in the' case of the Empusavvuscce), 
and thus give rise to general septic poisoning, or fungoid metastasis. 
However, I have never been able to find any indication of the occur- 
rence of sach a process. 

But a very important practical question arises out of the discovery 
that the fungus penetrates into the derma. There is much reason to 
believe, that if a diseased salmon returns to salt water, all the fungus 
which is reached by the saline fluid is killed, and the destroyed 
epidermis is repaired. But the sea water has no access to the liypha? 
which have burrowed into the true skin ; and hence it must be 
admitted to be possible, that, in a salmon which has become to all 
appearance healed in the sea, and which looks perfectly healthy when 
it ascends a river, the remains of the fungus in the derma may break 
out from within, and the fish become diseased without any fresh 
infection. It has not infrequently been observed, that salmon in their 
upward course became diseased at a surprisingly short distance from 
the sea, and it is possible that the explanation of the fact is to be 
sought in the revival of dormant Sajjrohgnia, rather than in new 
infection. It is to be hoped, that experiments, now being carried on at 
Berwick, will throw some light on this point, as well as upon the 
asserted efficacy of sea water in destroying the fungus w^hich it 
reaches. 

These are the chief results of this season's observations on the 
salmon disease. Incomplete as they are, they appear to me to justify 
the following conclusions: — 

1. That the Saprolegma attacks the healthy living salmon exactly 
in. the same way as it attacks the dead insect, and that it is the sole 
cause of the disease, whatever circumstances may, in a secondary 
manner, assist its oiDcrations. 

2. That death may result without any other organ than the skin being 
attacked, and that, under these circumstances, it is the consequ.ence 
partly of the exhaustion of nervous energy by the incessant irritation 
of the felted mycelium with its charge of fine sand, and partly of the 
drain of nutriment directly and indirectly caused by the fungus. 
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3. That the penetration of the hyphjB of the Saprolegnia into the 
derma renders it at least possible that the disease may break out in a 
fresh-run salmon without re-infection. 

4. That the cause of the disease, the Sciprolegnia, may flourish in 
any fresh water,' in the absence of salmon, as a saprophyte upon dead 
insects and other animals. 

5. That the chances of infection for a healthy fish entering a river, 
are prodigiously increased by the existence of diseased fish in that 
river, inasmuch as the bulk of 8aprolegnia on a few diseased fish 
vastly exceeds that which would exist without them. 

6. That, as in the case of the potato disease, the careful extirpation 
of every diseased individual is the treatment theoretically indicated ; 
though, in practice, it may not be worth while to adopt that treat- 
ment.- 



II. " On the Conservation of Solar Energy." By C. William 

Siemens, D.C.L., LL.D., F.R.S., Mem. Inst. C.E. Received 
February 20, 1881. 

The question of the maintenance of Solar Energy is one that has 
been looked upon with deep interest by astronomers and physicists 
from the time of La Place downward. 

The amount of heat radiated from the sun has been approximately 
computed, by the aid of the pyrheliometer of Pouillet and by the acti- 
nometers of Herschel and others, at 18,000,000 of heat units from every 
square foot of his surface per hour, or, put popularly, as equal to the 
heat that would be produced by the perfect combustion every thirty- 
six hours of a mass of coal of specific gravity = 1 '5 as great as that of 
our earth. 

If the sun were surrounded by a solid sphere of a radius equal to 
the mean distance of the sun from the earth (96,000,000 of miles), 
the whole of this prodigious amount of heat would be intercepted ; 
but considering that the earth's apparent diameter as seen from the 
sun is only seventeen seconds, the earth can intercept only the 
2,250-millionth part. Assuming that the other planetary bodies swell 
the intercepted heat by ten times this amount, there remains the 
important fact tha-t f |-|iMf f I" o^ the solar energy is radiated into 
space, and apparently lost to the solar system, and only 2"¥¥oi^oo~oo" 
utilised. 

Notwithstanding this enormous loss of heat, solar temperature has 
not diminished sensibly for centuries, if we neglect the periodic 
changes — apparently connected with the appearance of sun-spots — that 
have been observed by Lockyer and others, and the question forces itself 



